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Abstract  
Objective: Chinese is the most commonly spoken language in the world. The availability of Chinese 
translations of assessment scales is useful for research in multi-ethnic and multinational studies. This 
study aimed to establish whether each of the Chinese translations (Mandarin, Hokkien, Teochew and 
Cantonese) of the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) 
achieved measurement equivalence to the English version.  
Method: Participants included 1,856 ethnic Chinese, older adults. The RBANS was administered in 
the language/dialect according to the participants’ preference by interviewers who were fluent in that 
language/dialect. Multiple regression analysis was used to adjust for demographic and clinical 
differences between participants who spoke different languages/dialects. Equivalence (practical 
equivalence) was declared if the 90% confidence interval for the adjusted mean difference fell entirely 
within the pre-specified equivalence margin, ±0.2 (±0.4) standard deviations (SD).  
Results: The delayed memory index was at least practically equivalent across languages. The 
Mandarin, Hokkien and Teochew versions of the immediate memory, language and total scale score 
were practically equivalent to the English version; the Cantonese version showed small differences 
from the English version. Equivalence was not established for the Hokkien and Teochew versions of 
the visuospatial/constructional index. The attention index was different across languages.  
Conclusions: Data from the English and Chinese versions for the total scale score, language, delayed 
and immediate memory indexes may be pooled for analysis. However, analysis of the attention and 
visuospatial/constructional indexes from English and Chinese versions should include a covariate that 
represents the version in the statistical adjustment. 
Keywords: Chinese, language, equivalence, RBANS, cognitive decline. 
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Introduction  
The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was designed to 
identify and characterise abnormal cognitive decline in older adults. It was also intended for use in 
younger adults as a neuropsychological screening tool (Randolph, 1998). The RBANS was later 
shown to be sensitive to impairments in people with mild cognitive impairment (MCI) (Badenes, 
Casas, Cejudo & Aguilar, 2008; Mahncke et al., 2006; Kotani et al., 2006) and in an array of other 
patient groups (http://www.rbans.com/clinicalvalidity.html). The battery is comprised of 12 subtests 
that assess the domains of immediate and delayed memory, language, attention and 
visuospatial/construction (Randolph, 1998). The conciseness of the RBANS and its ease of use make 
it an attractive tool for the assessment of older patients, especially for clinicians evaluating those with 
abnormal cognitive decline, compared to lengthier and more difficult neuropsychological assessments 
(Randolph, Tierney, Mohr & Chase, 1998; Lim, Collinson, Feng & Ng, 2010). The RBANS was 
originally developed in English and has since been translated into over 20 languages by the 
developers (http://www.rbans.com/translations.html). Several other translations have been conducted 
and reported in peer-review articles including a Japanese (Takaiwa et al., 2006; Yamashima et al., 
2002), Hungarian (Juhász, Kemény, Linka, Sántha & Bartkó, 2003) and French (Holzer et al., 2007) 
translation. Since the initiation of this study a Chinese translation has also been conducted in 
Shanghai, China (Cheng et al., 2011). 
At the time of writing approximately 885 million (Grimes, 1996; Dalby, 1999; World Health 
Organisation, 1998) to 955 million (Nationalencyklopedin, 2010) of the world’s population named the 
Chinese language as their primary language. This number rose to over 1 billion when second language 
speakers were included (Grimes, 1999). The estimates for primary speakers of English varied between 
approximately 335 and 470 million depending on the source (Grimes, 1999; Dalby, 1999; World 
Health Organisation, 1998; Nationalencyklopedin, 2010). Singapore is a multi-ethnic society with the 
2010 census revealing that the majority of the population were of Chinese ethnicity (74.1%) 
(Singapore Department of Statistics, 2010). Mandarin, the official Chinese language, was the 
language most frequently spoken at home in Singapore (35.6%). A further 14.3% of the population 
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most frequently spoke a Chinese dialect (mainly Hokkien, Teochew or Cantonese) and 32.3% most 
frequently spoke English at home (Singapore Department of Statistics, 2010).  Furthermore, 
approximately 79.9% of the Singaporean population were literate in English, 60.8% were literate in 
Chinese and 45.2% were literate in both English and Chinese. Given the large global and local 
Chinese speaking population, its expected importance into the future and the predicated future 
necessity for people to be multilingual (Graddol, 2004), it is useful that Chinese translations of 
assessment scales are available. This is not only relevant to research within a society with a primarily 
Chinese population but also research in multi-ethnic societies and in multinational studies (Cheung et 
al., 2004). 
Thorough and careful translation procedures do not guarantee measurement equivalence between a 
translated version and the original of any instrument. The Chinese and English languages are based on 
pictogram and alphabet, respectively. The two languages have very different linguistic structures 
(Cheung et al., 2004). It is not clear whether the original English version and a Chinese translation of 
the same instrument will provide equivalent test scores if the English and Chinese respondents have 
the same level of the target functions (Cheung et al., 2004). To date there has been no assessment of 
the equivalence or differences between the test scores on the English RBANS and a Chinese 
translation. 
We have previously reported normative data for the RBANS on a total of 1,165 Chinese people aged 
55-91 with varying levels of education and a range of languages in the Singapore Longitudinal 
Ageing Study - II (SLAS-II). Statistically significant associations between age, education, language 
and gender on performance on the RBANS subtests, index and total scale scores were found 
(Collinson, Fang, Lim, Feng & Ng, 2014).  However, this study did not examine significant practical 
differences in the RBANS test performance between the language versions. In the present study, we 
evaluated the RBANS in a large sample of older Chinese people. The aim was to establish whether 
each of the Chinese translations (Mandarin, Hokkien, Teochew and Cantonese) of the RBANS 
achieved measurement equivalence to the English version in terms of similar mean scores between 
users who had similar demographic, clinical and cognitive profiles.  
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Method 
Design and Recruitment 
The design and methods of SLAS-II have been described previously (Lim et al., 2010). Trained 
research nurses conducted recruitment via door-to-door visits between March 2008 and October 2013. 
Consenting participants arranged to visit the research site at a later date to perform the RBANS, 
among other instruments (Collinson et al., 2014). Those with a Mini-Mental State Examination 
(MMSE) score below the cut-off of 26 underwent further assessments including the Clinical Dementia 
Rating (CDR) scale. The small proportion of non-Chinese participants in the SLAS-II dataset 
(Malays, Indians, and others) was excluded from this analysis. 
The RBANS (Form A) was administered to the participants as part of the battery of 
neuropsychological and clinical assessments of the SLAS-II. The RBANS was administered once in 
the language–dialect (English, Mandarin, Hokkien, Teochew or Cantonese) according to the 
participants' dominant or habitual preference by trained research nurses who were fluent in that 
particular language–dialect (Collinson et al., 2014). Using the forward–backward translation 
procedure, the RBANS (Copyright # 1998. NCS Pearson, Inc. Reproduced with permission. All rights 
reserved. Mandarin 2 S.L. Collinson et al. Archives of Clinical Neuropsychology Downloaded from 
http://acn.oxfordjournals.org/ by guest on June 8, 2014 Chinese translation copyright # 2012. NCS 
Pearson, Inc. Translated and reproduced with permission.) had previously been translated into 
Mandarin and Chinese dialects (Hokkien, Teochew and Cantonese) by a committee of trained 
multilingual research psychologists (Collinson et al., 2014). Words and phrases that were deemed 
culturally unfamiliar were replaced with suitable local equivalents. For example in the story memory 
subtest the item ‘in Cleveland, Ohio’ was replaced with ‘in Kuala Lumpur’. Words that were not 
translatable or meaningful in Chinese were replaced with understandable and appropriate alternatives 
that where possible were semantically and phonetically as close as possible to the original English 
word. For example, in the list recognition subtest ‘velvet’ was replaced with ‘cotton’ and ‘meadow’ 
was replaced with ‘forest’ (Collinson et al., 2014). Individual test performance was scored according 
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to standardised instructions (Randolph, 1998) except for the figure copy and figure recall subtests, 
which were scored according to the modified criteria suggested by Duff et al. (2003).  
The MMSE was also administered as part of the battery of neuropsychological and clinical 
assessments. The MMSE was developed as a concise tool to assess patients’ level of cognitive 
impairment and to monitor cognitive changes in patients over time (Folstein, Folstein & McHugh, 
1975). It is extensively used in clinical practice and clinical trials today (Pangman, Sloan & Guse, 
2000).   A Chinese translation has previously been developed (Zhang et al., 1990; and Zhang, Yu, & 
He, 1995) and validated in a Singaporean population which was utilised in this study (Ng, Niti, Chiam 
& Kua, 2007). Modifications have previously been reported and included, for example, the 
replacement of the question “What city/town are we in?” with “What area are we in?” since Singapore 
is a city-state and the only correct answer for the original question would be Singapore (Feng, Lim & 
Ng, 2012). 
Participants with a MMSE score below the cut-off of 26 underwent further assessments including the 
CDR, which is used to stage the severity of dementia based on clinical information from semi-
structured interviews with the patient and collateral source (Hughes, Berg, Danziger, Coben & Martin, 
1982; Morris, 1993 and 1997). It was originally developed for use in people with Alzheimer’s but can 
be used to stage dementia in other illnesses. In Singapore cultural modifications for the judgement and 
problem solving domain have previously been reported. For example the question “How many nickels 
in a dollar?” was modified to “How many ten cents in two Singaporean dollars?” (Li, Ng, Kua & Ko, 
2005). 
Both the MMSE and the CDR were administered in the language–dialect according to the 
participants’ dominant or habitual preference by trained research nurses who were fluent in that 
particular language–dialect 
Statistical Analysis  
Participants were included in the analysis if they had completed all RBANS subtests and reported 
their age. Only RBANS assessments administered by a research nurse who conducted at least 10 
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RBANS interviews in both English and Chinese (Mandarin and/or dialects) were included.  The latter 
inclusion criterion was intended to allow statistical control for prevention of interviewer effect 
confounding the language comparison.   
For the purpose of scoring the RBANS, participants were categorised according to their age group (54 
to 59 years old, 60 to 64 years old, 65 to 69 years old, 70 to 74 years old and 75 years and above). The 
RBANS index scores were calculated by first standardising the 12 raw subtest scores across age 
categories using the means and standard deviations produced by Collinson et al. (2014).  Population 
specific norms were used as opposed to the standard US norms due to evidenced differences in 
neuropsychological performance between Asian and Caucasian populations (Boone, Victor, Wen, 
Razani & Ponto´n, 2007; Fuji, 2010; Hedden et al., 2002; and Shan, Chen, Lee & Su, 2008). The age 
standardised scores were then transformed to scores with a mean of 100 and standard deviation of 15. 
Individual index scores were then calculated by summing the transformed scores of the subtests that 
contribute to that specific index and taking the mean. The total scale score was derived by taking the 
mean of the sum of the five index scores. All analysis was conducted on scores after they had been 
both age standardised and transformed. 
An analysis of variance was used to compare the age, Geriatric Depression Scale (GDS) score, 
MMSE score and physical activity score across language versions of the RBANS. Chi-squared tests 
were used to compare categorical variables, gender, education level and CDR scale score across 
language versions of the RBANS. P-values were from global statistical tests that tested the global null 
hypothesis of all language groups having the same mean (or proportion) of the variable of interest. 
We used the equivalence study approach for the comparison between the English and Chinese 
RBANS versions (Cheung et al., 2004; Senn, 1997). In this approach, if the confidence interval of the 
difference between two groups totally fell within an equivalence margin, equivalence was declared. 
This is in contrast to the study of difference, which may conclude a difference even if the difference is 
clinically non-significant but statistically significant. 90% confidence intervals (CI) for the adjusted 
differences were calculated and equivalence declared if the 90% CI fell entirely within the specified 
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equivalence margin. It is conventional that, for equivalence studies, 90% instead of 95% CIs are used 
(Senn, 1997; Machin, Campbell, Fayers & Pinol, 1997).  
The equivalence margins were based on Cohen’s definition of effect size (Cohen, 1998). Cohen 
considered an effect size smaller than 0.2 SD an immaterial difference. Accordingly, we defined a 
difference in mean RBANS score of no more than +/- 0.2 SD an ‘equivalence margin’. Cohen 
considered an effect size between 0.2 and 0.5 a small difference. Accordingly, we defined a difference 
of +/- 0.4 SD a ‘practical equivalence margin’.  The margins were calculated by multiplying the SD of 
the English scale scores by 0.2 or 0.4.  
Regression models for each of the five RBANS index scores and the RBANS total scale score were 
fitted to compare scores between languages, with English as the reference language. To remove 
potential confounding by demographic and clinical characteristics of participants, demographic (age, 
gender, and education level) and clinical/health (GDS, MMSE, CDR and physical activity score) 
covariates were included.  Furthermore, to prevent confounding by interviewer effects, a mixed model 
approach was used to include the research nurse as a random-effect (Cheung, 2014). The model was 
of the form: 
yi = (α +μj) + β1 Mandarini + β2 Hokkieni + β3 Teochewi + β4 Cantonesei +  β5 Agei + β6 Femalei + β7 
Education1i + β8 Education2i + β9 Education3i + β10 Education4i + β11 GDSi + β12 MMSEi + β13 CDR1i 
+  β14 CDR2i +  β15 CDR3i  + β16 CDR3i +  β17 CDR4i  + β18 Physicali +  εi 
where i indicated participant and y was the outcome (either one of the five RBANS index scores or 
the RBANS total scale score). β1 through to β18 were included as fixed parts. Mandarin, Hokkien, 
Teochew and Cantonese coefficients represented the specific language compared to English. Age 
represented continuous variable for age. The Female coefficient represented female compared to 
male. Education1, Education2, Education3 and  Education4 coefficients represented 1-3 years, 4-6 
years, 7-10 years and >10 years of education compared to 0 years. GDS and MMSE represented 
continuous variable for GDS and MMSE scores. CDR1, CDR2, CDR3 and CDR4 coefficients 
represented CDR scale values 0.5, 1, 2 and 3 compared to 0. Physical coefficient represented 
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continuous score for physical activity measurement. μj was the random effect for nurse and εi denoted 
residuals.  The models gave us estimates of the adjusted differences and their standard errors (SE) for 
the RBANS index scores and total scale score for each Chinese language version compared to the 
English version, controlling for the demographic and clinical characteristics. The 90% CI was 
calculated as the estimated adjusted differences +/- z(0.90)×SE, where z(0.90) was the critical value at 
the 90th percentile of the standard normal distribution.   
If the 90% CI for the language specific, adjusted difference from the regression model yielded a mean 
score of no more than 0.2 (0.4) SD higher or lower than the mean score of the English version, 
(practical) equivalence was declared. If equivalence and practical equivalence could not be declared 
for an index score (or the total scale score), the specific subtests that contributed to that index score 
were assessed for equivalence following the methods outlined above.  
CDR was assumed to be 0 for those who had MMSE ≥ 26, which was the study’s cut-off for including 
the participants in the CDR assessment. We ran sensitivity analyses by refitting the above models on 
participants at the upper end of cognitive performance based on both the CDR assessment and the 
MMSE, as alternative approach to prevent the potential confounding effect of cognitive function. The 
criteria we used to include participants in each of these analyses were: (1) those with CDR scores = 0 
or MMSE ≥ 26 with no CDR assessment; (2) those with MMSE scores ≥ 24; and (3) those with 
MMSE scores ≥ 26. 
All analyses were conducted using Stata version 13.1 (StataCorp. 2013. Stata Statistical Software: 
Release 13. College Station, TX: StataCorp LP). 
Results 
Descriptive Summary 
Of 2,428 English and Chinese speaking participants that consented to participate in the SLAS-II 
study, 572 did not meet the pre-specified inclusion criteria (139 participants failed to complete the 
RBANS completely, 45 did not report age and 388 participants were interviewed by a research nurse 
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who did not satisfy the criterion for number of interviews conducted), leaving a total of 1,856 (76.4%) 
participants available for analysis. 
Table 1 shows the descriptive characteristics of the sample. Chinese speakers, particularly dialect 
speakers tended to be female (global p<0.001), older (global p<0.001), received less education (global 
p<0.001), had lower physical activity scores (global p=0.002), had lower MMSE scores (global 
p<0.001) and poorer CDR scores (global p<0.001). [Include table 1 here.] 
Table 2 shows the mean and SD of the unadjusted RBANS index scores, total scale score and subtest 
scores by language version of the RBANS administered. English and Mandarin speakers tended to 
show higher RBANS scores across indexes and subtests, Cantonese speakers had marginally smaller 
scores than the English and Mandarin speakers, and the Hokkien and Teochew speakers had the 
lowest scores. [Include table 2 here.] 
Measurement Equivalence 
Table 3 shows the equivalence margins for each of the RBANS index scores and total scale score. The 
equivalence margins, defined as 0.2 of the English language SD, were ± 2.78, ± 2.18, ± 4.04, ± 2.69, ± 
3.12 and ± 2.12 for the immediate memory index, visuospatial/constructional index, language index, 
attention index, delayed memory index and total scale score, respectively. The corresponding practical 
equivalence margins, defined as 0.4 of the English language SD, were ± 5.57, ± 4.36, ± 8.07, ± 5.38, ± 
6.25 and ± 4.23, respectively.  
English vs. Mandarin 
After adjusting for covariates, the mean difference between the English and Mandarin 
visuospatial/constructional index (-0.42) and delayed memory index (-1.26) and the corresponding 
90% CIs fell completely within the equivalence margins suggesting equivalence. Furthermore, the 
adjusted mean difference for the immediate memory index and total scale score (2.78 and 2.57, 
respectively) and the respective 90% CIs suggested that the English and Mandarin language versions 
were practically equivalent. For the language index, the 90% CI did not show conclusive evidence of 
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equivalence or difference. The 90% CI for the attention index fell totally above the equivalence 
margin but included the practical equivalence margin, showing that the Mandarin language version 
gave at least slightly larger mean attention scores.   
English vs. Hokkien 
The adjusted mean difference between the English and Hokkien immediate memory index (2.24), 
language index (3.88), delayed memory index (-1.56) and the total scale score (1.42) and the 90% CIs 
were indicative of practical equivalence. The Hokkien language version gave at least slightly smaller 
mean visuospatial/constructional scores and at least slightly larger mean attention scores than the 
English language version. This was indicated by the 90% CIs for the visuospatial/constructional index 
and the attention index which fell entirely outside of the stricter equivalence margins.   
English vs. Teochew 
The results for the English and Teochew language versions indicated practical equivalence with 
regards to the immediate memory index, the language index, the delayed memory index and total 
scale score (adjusted mean differences 2.78, 4.25, -2.66 and 1.15, respectively). The 90% CIs for the 
visuospatial/constructional and attention indexes were wholly outside of the stricter equivalence 
margins but included the practical equivalence margins, showing that the Teochew language version 
gave at least marginally lower mean visuospatial/constructional scores and marginally higher attention 
scores.   
English vs. Cantonese 
The results for the Cantonese language version suggested equivalence to the English language version 
for the visuospatial/constructional index and delayed memory index (adjusted mean difference 0.07 
and 0.26, respectively). The Cantonese language version gave at least marginally larger mean 
immediate memory, language and total scale scores than the English language version, as indicated by 
the 90% CIs that fell completely above their corresponding stricter equivalence margins but included 
their corresponding practical equivalence margins. The adjusted mean difference between the English 
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language version and the Cantonese language version of the attention index (7.61) and 90% CI (6.21, 
9.00) showed no overlap with the margin of practical equivalence (± 5.38), pointing to a difference. 
[Include table 3 here.] 
Table 4 shows the equivalence margins, adjusted mean differences and 90% CIs for the RBANS 
subtests that contribute to the indexes where equivalence could not be confirmed.  
The immediate memory index is comprised of the list learning and story memory subtests. Results 
were indicative of practical equivalence for the story memory subtests between the English and 
Cantonese language versions; however the result for the list learning subtest was inconclusive.  
The visuospatial/constructional index consists of the figure copy and line orientation subtests. The 
result for the comparison between the English and Hokkien figure copy subtest was inconclusive. 
However the comparison for the line orientation subtest showed that the Hokkien language version 
gave at the least marginally smaller mean line orientation scores than the English version. The 
comparison between the English and Teochew line orientation subtest was inconclusive. However the 
English and Teochew figure copy comparison showed that the Teochew language version gave at 
least slightly lower mean figure copy scores than the English language version.  
The picture naming and semantic fluency subtests make up the language index. The results for the 
Mandarin and Cantonese language versions were suggestive of equivalence and practical equivalence, 
respectively, to the English language version for the semantic fluency subtest (adjusted mean 
difference -0.20 and 0.52, respectively). However, the comparison for the picture naming subtest 
revealed that the Mandarin and Cantonese language versions gave at least slightly higher mean picture 
naming scores than the English language version.  
The attention index includes the digit span and coding subtests. The adjusted mean difference between 
the English language version and each of the Chinese language versions of the digit span subtest and 
90% CIs all fell entirely outside of the margin of practical equivalence (± 1.11), pointing towards a 
difference for each language. In contrast, the evidence for the Mandarin and Cantonese language 
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versions of the coding subtest were suggestive of practical equivalence to the English language 
version; the result for the Teochew language version was inconclusive; and the Hokkien language 
version gave at least slightly lower mean coding scores than the English language version.  
[Include table 4 here.] 
The unformatted, Stata output for the regression analysis results are provided in the online 
supplementary material. 
Each of the sensitivity analyses restricted to cognitively healthy participants gave similar results with 
conclusions remaining largely unchanged. The only difference of note was that in each of the 
sensitivity analyses the evidence for the English and Mandarin language versions supported a 
conclusion of practical equivalence for the language index as compared to the inconclusive result 
previously obtained. The results of which are provided in the online supplementary material.  
Discussion 
The use of the Chinese language is on the rise (Grimes, 1999; Dalby. 1999; World Health 
Organisation, 1998; Nationalencyklopedin, 2010), as is the need for multilingualism and multinational 
clinical studies (Graddol, 2004; Cheung et al., 2004). For cross-cultural comparisons and multi-
country studies, there is a demand for the assessment of measurement equivalence between Chinese 
translations of instruments to their originals (Thumbool et al., 2002). The RBANS was originally 
developed in English and is an important tool for neuropsychological assessments. An ongoing 
process is the development of the RBANS into different language versions, at the time of writing 
there were over 20 different language versions (http://www.rbans.com/translations.html) (Takaiwa et 
al., 2006; Yamashima, et al., 2002; Juhász et al., 2003; Holzer et al., 2007).  Since the initiation of this 
study a team in Shanghai has also reported on the reliability and validity of a Chinese (Mandarin) 
translation in a community dwelling elderly sample in Shanghai, China (Cheng et al., 2011). 
However, it did not include an English version of the RBANS. So, unlike the present study, it was 
unable to investigate the measurement equivalence.  To date there have been no studies looking at the 
equivalence of the English RBANS and a Chinese translation.  
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In this analysis we reported the equivalence and differences between the English RBANS and 
Mandarin, Hokkien, Teochew and Cantonese translations. These dialects exist in immigrant Chinese 
communities outside of mainland China as a consequence of the Chinese diaspora of the 19th and 20th 
centuries. We calculated the 90% CI of the adjusted mean differences of the index scores between the 
English version and each of the Chinese versions and evaluated them against pre-specified 
equivalence margins. We assessed the indexes first and then assessed the individual subtests that 
contributed to that index if equivalence could not be confirmed. This reduced the number of tests 
performed and helped guard against the risk of false findings due to chance (Cheung et al., 2004).  
The Mandarin, Hokkien and Teochew versions of the total scale score all achieved practical 
equivalence with the English version. Equivalence could not be confirmed for the Cantonese version. 
Measurement equivalence in the total scale score across several language versions of the RBANS was 
an important finding. In situations where a primary endpoint is needed, such as in clinical trials of 
interventions to promote general cognitive functioning, the total scale may be the choice unless there 
are specific hypothesis pertaining to specific aspects of cognition.  
The delayed memory index achieved at least practical equivalence across each language comparison. 
Therefore the RBANS is suitable for studies of delayed memory in this and other multi-language 
societies. 
The Mandarin and Cantonese versions of the visuospatial/constructional index were equivalent to the 
English version. The Hokkien and Teochew languages were not. Examination of the subtests that 
make up the visuospatial/constructional index attributed this to the non-comparability across both the 
figure copy and line orientation subtests.  
The Cantonese version of the attention index was confirmed to be different to the English version. 
The comparison of the English version to the Mandarin, Hokkien and Teochew versions suggested at 
least a small increase in mean attention index score on each of the Chinese versions. Examination of 
the attention subtests found this to be due to differences in the digit span subtest, where we were 
observed a difference to the English version for all Chinese language versions. Differences in 
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performance on numerical based tasks between English and Chinese speakers have been well 
documented (Stigler, Lee & Stevenson, 1986; Hedden et al., 2002; Chen, Cowell, Varley & Wang, 
2009; Ting, Hameed, Tan, Gabriel & Doshi, 2014). Specifically the literature supports our finding that 
Chinese speakers have larger digit spans than their English speaking counterparts (Hedden et al., 
2002; Chen et al., 2009). This difference has been attributed to the shorter articulation time needed for 
Chinese digits compared to English digits, which in turn results in a lower processing load (Stigler, 
1986; Hedden et al., 2002; Cheung & Kemp, 1993, 1994). 
There were several limitations to our study. Firstly, there are many alternative ways to define 
equivalence. However, basing the conservative equivalence margin on Cohen’s effect size of 0.2 and 
the practical equivalence margin on an effect size of 0.4 was in line with the literature (Cheung et al., 
2004; Thumbool et al., 2002). More importantly, the reporting of SDs for all scores and CIs for 
adjusted mean differences allows readers to draw their own conclusion using their own equivalence 
margins. Secondly, there is no theoretical foundation for the use of the 90% CI.  Its use stems from 
current accepted practice for equivalence studies and we used it for this reason alone. 
Data for this analysis came from the SLAS-II study with each participant contributing at one time 
point using one language version of the RBANS. Cross-over designs, where each participant 
completes the assessment in both the original language and the translated version with a pre-defined 
period between assessments, are often considered a better design for equivalence studies (Thumbool 
et al, 2002). However, this would necessitate the use of bilingual respondents which would reduce the 
generalisability of findings because bilingual respondents tend to be younger and more educated 
(Cheung et al., 2004).  
Observational studies are candidates for several sources of bias. These include: confounders, which 
relate to factors that may be associated with outcomes that have not been accounted for; selection 
bias, which relates to how participants are recruited or the type of participants recruited; and 
information bias, which relates to errors in the recording of data (Hammer, du Prel & Blettner, 2009).  
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Analysis was conducted by fitting mixed effects models allowing adjustments for differences in 
characteristics among participants, as well as controlling for interviewer effects by including them as 
random effects. One could argue that not all confounders were considered and there may still be the 
risk of residual confounding (Cheung et al., 2004). However, we controlled for key demographics and 
indicators of cognition. We also accounted for potential dependence between language versions and 
interviewers. Unfortunately most research nurses did not conduct assessments in more than two to 
three languages/dialects which resulted in a highly unbalanced incomplete block design. Therefore we 
were unable to examine a possible interviewer-language interaction i.e. did interviewers tend to obtain 
different scores when using different languages/dialects. Inclusion of covariates such as GDS, MMSE 
and CDR that were likely to be highly correlated could result in unstable and difficult to interpret 
coefficients for their respective coefficients. However the collinearity does not affect the coefficients 
of the other variables that are not highly correlated with them. Since we were only interested in the 
coefficients for each specific language, multicollinearity between GDS, MMSE and CDR was of no 
concern (Montgomery, Peck & Vining, 2001). 
Recruitment was conducted via door to door visits and specifically targeted senior activity centres, 
elderly day care centres and elderly homes across different community neighbourhoods in Singapore. 
This was to ensure that the sample population were truly representative of the target population i.e. 
Singaporean, elderly population. Our sample age ranged from 54-94 years of age and the language 
preference of participants closely followed the distribution of languages spoken most frequently at 
home in those of Chinese ethnicity, aged 55 years and over according to the 2010 Singapore Census. 
However given that our analysis is about the characteristics of different language versions of the 
RBANS and not about the characteristics of the sample, representativeness of the sample is not 
critical. 
Information bias would be present if the study was subject to errors in the recording of information. 
The research nurse performed the RBANS overseen by research psychologists according to research 
protocols. This level of supervision and monitoring would have kept inaccuracies in the recording of 
data to a minimum. 
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There may be concerns regarding the inclusion of participants with cognitive impairment or dementia 
in a psychometric equivalence study. However this is typical of the population the RBANS will be 
used on and therefore we felt it was important to include them so that the findings are applicable in a 
real world setting. Sensitivity analyses including only cognitively normal participants suggested the 
robustness of the findings. 
The English and Chinese language versions of the RBANS showed a mixture of results in terms of 
equivalence. Overall, it is reasonable to consider the English and Chinese versions of the RBANS 
comparable in terms of measurement equivalence on the total scale score, delayed memory index, 
immediate memory index and language index, but not the attention index (for all Chinese dialects), 
and the visuospatial/constructional index (for Hokkien and Teochew dialects). Data for the 
comparison of neuropsychological performance for the equivalent indexes from English and Chinese 
speakers may be pooled and anyone of these language versions could be used for bilingual speakers. 
In the short term, analyses of attention and visuospatial/constructional performance that need to pool 
data from different RBANS language versions should include a covariate that represents the version 
in the statistical adjustment. The development of normative values should either be version specific, 
or remove the estimated (covariate-adjusted) difference from the English version scores as part of the 
normalisation process. In the long-term, the sources of the differences between language versions of 
the attention and visuospatial/constructional indexes should be examined in detail. A new round of 
translation/adaptation, taking into account the lessons learnt, should be considered.   
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Tables  
 
Table 1: Demographic characteristics by dominant language  
Dominant language English Mandarin Hokkien Teochew Cantonese P-value a 
Variable n  n  n  n  n   
Age - years, mean (SD) 402 63.61 (7.04) 471 64.73 (6.75) 376 67.89 (7.42) 120 67.59 (8.02) 487 68.42 (7.65) < 0.001 
GDS score, mean (SD) 402 0.79 (1.78) 471 0.54 (1.10) 376 0.78 (1.30) 120 0.62 (0.84) 487 0.83 (1.74) 0.019 
MMSE, mean (SD) 398 28.94 (1.61) 468 28.76 (1.49) 370 27.13 (2.76) 119 28.05 (2.66) 487 27.56 (2.76) < 0.001 
Physical Activity Score, mean 
(SD) 
384 9.39 (4.34) 455 9.34 (4.31) 366 8.49 (4.03) 115 8.91 (4.03) 471 8.51 (4.13) 0.002 
            
Gender, n (%)            
 Male 191 (47.51) 153 (32.48) 130 (34.57) 35 (29.17) 182 (37.37) < 0.001 
 Female 211 (52.49) 318 (67.52) 246 (65.43) 85 (70.83) 305 (62.63)  
Education, n (%)            
 0 years 6 (1.49) 41 (8.70) 140 (37.23) 38 (31.67) 118 (24.23) < 0.001 
 1-3 years 24 (5.97) 59 (12.53) 81 (21.54) 29 (24.17) 96 (19.71)  
 4-6 years 49 (12.19) 167 (35.46) 105 (27.93) 39 (32.50) 164 (33.68) 
 7-10 years 209 (51.99) 153 (32.48) 36 (9.57) 12 (10.00) 94 (19.30) 
 More than 10 
years 
111 (27.61) 49 (10.40) 14 (3.72) 2 (1.67) 14 (2.87) 
CDR, n (%)           < 0.001 
 0 - No dementia 370 (92.04) 439 (93.21) 291 (77.39) 99 (82.50) 402 (82.55)  
 0.5 - CIND 25 (6.22) 23 (4.88) 59 (15.69) 14 (11.67) 55 (11.29) 
 1 - Mild dementia 1 (0.25) 1 (0.21) 8 (2.13) 2 (1.67) 11 (2.26) 
 2 - Moderate 
dementia 
0 (0.00) 1 (0.21)) 0 (0.00) 0 (0.00) 1 (0.21) 
SD: standard deviation; GDS: geriatric depression scale; MMSE: mini-mental state examination; CDR: clinical dementia rating; CIND: cognitive impairment no dementia. 
a Differences in mean age, GDS score and MMSE score were tested with analysis of variance and differences in categorical variables were tested by chi-squared analysis. P-
values are from global statistical tests that tested the global null hypothesis of all language groups having the same mean (or proportion) of the variable of interest. 
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Table 2: Summaries of the unadjusted Repeatable Battery for the Assessment of Neuropsychological Status indexes, total scale score and subtests by language 
version administered 
Dominant language English Mandarin Hokkien Teochew Cantonese 
Variable Mean SD Mean SD Mean SD Mean SD Mean SD 
Indexes           
Immediate Memory 96.73 13.92 99.19 13.39 91.90 14.89 94.19 15.41 95.76 13.48 
Visuospatial/Constructional 103.63 10.90 102.44 11.38 90.68 15.51 91.63 15.99 98.41 13.71 
Language 94.88 20.18 101.40 11.34 94.74 21.77 97.43 28.01 99.03 13.38 
Attention 98.37 13.45 101.10 11.28 94.94 11.64 96.24 13.59 99.29 11.71 
Delayed Memory 97.79 15.62 96.21 14.16 90.42 15.95 91.58 22.36 93.63 16.33 
Total Scale 98.28 10.58 100.07 8.40 92.54 11.31 94.21 15.49 97.22 9.90 
Subtests           
List Learning 26.74 4.86 27.48 4.88 24.81 5.18 24.78 5.48 26.27 4.96 
Story Memory 16.19 4.00 16.38 3.63 14.30 4.35 15.48 4.35 14.82 4.21 
Figure Copy 18.02 2.23 17.69 2.58 15.63 3.85 15.83 3.48 16.83 3.23 
Line Orientation 16.21 3.19 15.79 3.16 12.30 4.06 12.65 4.43 14.22 3.87 
Picture Naming 9.68 0.69 9.94 0.30 9.73 0.76 9.79 0.97 9.86 0.47 
Semantic Fluency 16.63 3.84 16.60 3.69 15.45 3.61 16.12 3.67 15.82 3.34 
Digit Span 12.11 2.78 13.76 2.21 13.62 2.11 13.68 2.66 13.96 2.06 
Coding 38.94 12.77 32.95 12.12 21.19 13.33 23.58 13.17 25.83 13.76 
List Recall 6.91 2.34 6.92 2.16 5.63 2.72 5.99 2.80 6.14 2.61 
List Recognition 19.50 1.15 19.36 1.14 19.14 1.35 19.12 2.08 19.14 1.44 
Story Recall 9.12 2.42 9.04 2.08 7.39 2.86 7.99 2.92 7.87 2.78 
Figure Recall 13.17 4.41 12.00 4.48 9.10 4.59 9.61 4.82 11.01 4.89 
SD: standard deviation 
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Table 3: Repeatable Battery for the Assessment of Neuropsychological Status indexes and total scales equivalence margins and adjusted difference between 
language versions (n = 1732) 
 Index  Equivalence/Practical 
Equivalence a 
Adjusted Difference b 90% CI Conclusion c 
Immediate Memory ± 2.78    
 ± 5.57    
 English vs. Mandarin  2.78 1.20, 4.35 PE 
 English vs. Hokkien  2.24 0.36, 4.13 PE 
 English vs. Teochew  2.78 0.33, 5.23 PE 
 English vs. Cantonese  4.86 3.25, 6.46  
Visuospatial/Constructional ± 2.18   
 ± 4.36   
 English vs. Mandarin  -0.42 -1.93, 1.09 E 
 English vs. Hokkien  -4.32 -6.11, -2.54  
 English vs. Teochew  -5.66 -8.01, -3.32  
 English vs. Cantonese  0.07 -1.47, 1.62 E 
Language ± 4.04   
 ± 8.07   
 English vs. Mandarin  5.96 3.79, 8.12  
 English vs. Hokkien  3.88 1.32, 6.44 PE 
 English vs. Teochew  4.25 0.89, 7.61 PE 
 English vs. Cantonese  9.30 7.09, 11.51  
Attention ± 2.69   
 ± 5.38   
 English vs. Mandarin  5.51 4.14, 6.88  
 English vs. Hokkien  6.62 4.99, 8.25  
 English vs. Teochew  6.88 4.75, 9.01  
 English vs. Cantonese  7.61 6.21, 9.00 D 
Delayed memory ± 3.12   
 ± 6.25   
 English vs. Mandarin  -1.26 -3.08, 0.55 E 
 English vs. Hokkien  -1.56 -3.65, 0.54 PE 
 English vs. Teochew  -2.66 -5.46, 0.14 PE 
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 English vs. Cantonese  0.26 -1.61, 2.14 E 
Total scale score ± 2.12   
 ± 4.23   
 English vs. Mandarin  2.57 1.46, 3.68 PE 
 English vs. Hokkien  1.42 0.11, 2.72 PE 
 English vs. Teochew  1.15 -0.57, 2.87 PE 
 English vs. Cantonese  4.41 3.28, 5.54  
90% CI: 90% confidence interval; SD: standard deviation; GDS: geriatric depression scale; MMSE: mini-mental state examination; CDR: clinical 
dementia rating; E – Equivalence to the English language version confirmed; PE – Practical Equivalence to the English language version 
confirmed; D – Difference to the English language version confirmed. 
Note: Cohen considered an effect size smaller than 0.2 SD an immaterial difference. Accordingly, we defined a difference in mean RBANS score 
of no more than +/- 0.2 SD an ‘equivalence margin’. Cohen considered an effect size between 0.2 and 0.5 a small difference. Accordingly, we 
defined a difference of +/- 0.4 SD a ‘practical equivalence margin’.   
a The equivalence margin is the English scale score  SD multiplied by 0.2. The practical equivalence margin is the English scale score SD 
multiplied by 0.4. 
b The English mean scores minus the non-English scores adjusted for age, gender, education level, GDS score, MMSE score, CDR scale score and 
physical activity score. Research nurse included as a random effect. 
c Blank space in the conclusion column indicates an inconclusive result. 
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Table 4: Repeatable Battery for the Assessment of Neuropsychological Status subtests equivalence margins and adjusted difference between language 
versions (n = 1732) 
Index Equivalence/ 
 Practical Equivalence a 
Adjusted Difference b 90% CI Conclusion c 
List Learning ± 0.97    
  ± 1.94    
 English vs. Cantonese  1.38 0.80, 1.95  
Story Memory ± 0.80    
 ± 1.60    
 English vs. Cantonese  1.05 0.59, 1.51 PE 
Figure Copy ± 0.45     
 ± 0.89     
 English vs. Hokkien  -0.65 -1.03, -0.27  
 English vs. Teochew  -1.05 -1.57, -0.54  
Line Orientation ± 0.64     
 ± 1.28     
 English vs. Hokkien  -1.20 -1.69, -0.71  
 English vs. Teochew  -1.23 -1.87, -0.59  
Picture Naming ± 0.14     
 ± 0.28     
 English vs. Mandarin  0.26 0.19, 0.34  
 English vs. Cantonese  0.34 0.26, 0.41  
Semantic Fluency ± 0.77     
 ± 1.54     
 English vs. Mandarin  -0.20 -0.62, 0.23 E 
 English vs. Cantonese  0.52 0.08, 0.95 PE 
Digit Span ± 0.56     
 ± 1.11     
 English vs. Mandarin  2.05 1.76, 2.34 D 
 English vs. Hokkien  2.63 2.28, 2.98 D 
 English vs. Teochew  2.68 2.23, 3.13 D 
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 English vs. Cantonese  2.54 2.25, 2.84 D 
Coding ± 2.55     
 ± 5.11     
 English vs. Mandarin  -2.98 -4.21, -1.76 PE 
 English vs. Hokkien  -4.29 -5.75, -2.82  
 English vs. Teochew  -3.56 -5.47, -1.65  
 English vs. Cantonese  -2.57 -3.82, -1.33 PE 
90% CI: 90% confidence interval; SD: standard deviation; GDS: geriatric depression scale; MMSE: mini-mental state examination; CDR: 
clinical dementia rating; E – Equivalence to the English language version confirmed; PE – Practical Equivalence to the English language 
version confirmed; D – Difference to the English language version confirmed. 
Note: Cohen considered an effect size smaller than 0.2 SD an immaterial difference. Accordingly, we defined a difference in mean 
RBANS score of no more than +/- 0.2 SD an ‘equivalence margin’. Cohen considered an effect size between 0.2 and 0.5 a small 
difference. Accordingly, we defined a difference of +/- 0.4 SD a ‘practical equivalence margin’.   
a The equivalence margin is the English scale score  SD multiplied by 0.2. The practical equivalence margin is the English scale score SD 
multiplied by 0.4. 
b The English mean scores minus the non-English scores adjusted for age, gender, education level, GDS score, MMSE score, CDR scale 
score and physical activity score. Research nurse included as a random effect. 
c Blank space in the conclusion column indicates an inconclusive result. 
 
 
 
